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The aim of the present study was to report a novel developmental abnormality in a cloned dog. A fibroblast cell
line was established from an 8-year-old male German shepherd dog. In vivo matured oocytes were retrieved from a
large breed dog, and the nucleus was removed from each oocyte. A donor cell was injected into an enucleated
oocyte, and the oocyte-cell couplet was fused electrically. After chemical activation, the resulting embryos were
transferred into a naturally estrus-synchronized recipient dog, and two cloned pups were delivered by Cesarean
section 60 days later. One cloned pup (Clone 1) was healthy, but the other (Clone 2) had a birth weight of only
320 g and cleft palate, failure of preputial closure at the ventral distal part, and persistent penile frenulum. Clone 2
was raised by stomach feeding until Day 40 after birth, where palatoplasty was performed. The abnormalities in
external genitalia in Clone 2 resulted in persistent penile extrusion that was surgically corrected. This complex
developmental abnormality has not been reported in dogs previously.
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Concurrent occurrence of congenital defects consisting
of both cleft palate and abnormal external genitalia in
dogs is rarely reported. Cleft palate/lip is one of the
most common craniofacial congenital defects in humans
(about 1/1000 infants) [1] and dogs [2,3]. It may result
from incomplete fusion of the primary palate (lip and
premaxilla) and secondary palate (hard and soft palates)
during embryogenesis caused by genetic factors as well
as environmental factors such as poor nutrition, drugs
and teratogens, including virus [1,4]. Hypospadia is the
most common congenital penile anomalies in humans
[5] and dogs [6]. It develops due to abnormal fusion of
the urogenital folds and ventral body wall [7,8]. Persist-
ence of the penile frenulum, a thin band of connective
tissue linking the ventral glans penis to the prepuce, has
been rarely reported in dogs. It can be caused by failure
of splitting of the balanopreputial fold, which is under* Correspondence: bclee@snu.ac.kr
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unless otherwise stated.androgenic control [9], and is observed with [10] or with-
out [11] hypospadia. A retrospective study in humans
revealed that more than 90% of male infants with a con-
genital penile anomaly exhibit only a single type [5].
Although clones and their nuclear donor animal have
the same genome, developmental abnormalities have been
reported in cloned mammals. Large offspring syndrome is
one of the most frequently observed anomalies in cloned
bovine offspring, characterized by fetal and placental over-
growth [12,13]. Recently, clones with congenital defects
including immunodeficiency, abnormal knuckle, or several
organ pathologies were also reported in cattle [14]. How-
ever, until now, developmental anomalies have been sel-
dom reported in cloned dogs. Therefore, the aim of the
present study was to report a complex of developmental
abnormalities in a cloned dog.Case presentation
Mixed-breed dogs, aged between 1 and 7 years and weigh-
ing 20 to 35 kg, were used as oocyte donors and embryo
transfer recipients. They were housed in separate indoor fa-
cilities and managed following a standard procedure estab-
lished by the Committee for Accreditation of Laboratory. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
g/publicdomain/zero/1.0/) applies to the data made available in this article,
Table 1 Microsatellite analysis of cell donor, oocyte donors and cloned dogs
Sample ID Marker
FH FH FH FH FH FH FH FH FH FH
2537 3027 3116 3372 3381 3399 1014 2097 2584 2712
Cell donor 146 212 190 146 298 234 246 280 309 182
/164 /212 /190 /154 /310 /250 /266 /284 /309 /184
Oocyte donor 1 164 216 190 146 282 262 250 276 301 180
/164 /216 /192 /150 /286 /262 /250 /276 /301 /184
Oocyte donor 2 164 212 190 146 300 246 246 272 301 178
/168 /212 /190 /154 /304 /254 /266 /284 /305 /182
Clone 1 146 212 190 146 298 234 246 280 309 182
/164 /212 /190 /154 /310 /250 /266 /284 /309 /184
Clone 2 146 212 190 146 298 234 246 280 309 182
/164 /212 /190 /154 /310 /250 /266 /284 /309 /184
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Care and Use of Laboratory Animals of Seoul National
University. The experiment was approved by Institutional
Animal Care and Use Committees of Seoul National
University (approval number is SNU-121123-13).
Cloning procedures were done as previously reported
[15]. In short, in vivo matured oocytes were retrieved
by flushing oviducts about 72 h after ovulation and cumu-
lus cells were removed by repeated pipetting in 0.1% (w/v)
hyaluronidase in Hepes-buffered TCM-199 (Invitrogen,
Carlsbad, CA, USA) supplemented with 2 mM NaHCO3,
5 mg/mL BSA (Invitrogen) and 12.9 μM kanamycin.
Nuclear materials were removed from an oocyte, and a
donor cell derived from an 8-year-old male German shep-
herd dog was injected into the enucleated oocyte. The
oocyte-cell couplet was fused with two pulses of direct
current (72 V for 15 μs) using an Electro-Cell Fusion appar-
atus (NEPA GENE, Chiba, Japan), then activated chem-
ically. A total of 74 cloned embryos were transferred into 5
recipients. Pregnancy diagnosis by ultrasonography wasFigure 1 Phenotypes and body weight increase chart of Clone 1 and
birth. (B) Increase of body weight of Clone 1 (dotted) and Clone 2 (full lineperformed at least 28 days after the embryo transfer and re-
vealed one pregnancy. Two cloned German shepherd dog
puppies were delivered from one recipient by Cesarean sec-
tion 60 days after the embryo transfer; microsatellite ana-
lysis showed their genetic identity with the cell donor dog
(Table 1).
The birth weight of Clone 1 (640 g) was twice that of
Clone 2 (320 g) (Figure 1, A). While Clone 1 showed no
phenotypic anomalies, Clone 2 had defects of the hard and
soft palate (Figure 2, A) and penile extrusion (Figure 3, A).
Thus, Clone 1 was fed and cared for by the embryo transfer
recipient dog, but Clone 2 was fed milk replacement via
stomach intubation and cared for by veterinarians. At
2 weeks of age, while Clone 1 reached 2,520 g body weight,
Clone 2’s body weight was 710 g (Figure 1, B).
Due to anatomical limitations and limited tissue availabil-
ity, palatoplasty in Clone 2 was performed on Day 40 after
birth. Palatoplasty was performed by overlapping flap for
repair of a cleft of the hard palate, and a medially positioned
flap for repair of a cleft of the soft palate (Figure 2, B).Clone 2 puppies. (A) Clone 1 (left) and Clone 2 (right) at Day 1 after
) during the first 2 weeks after birth.
Figure 2 Cleft palate of Clone 2. (A) Cleft palate of Clone 2 at Day
35 after birth. (B) Palatoplasty of Clone 2 at Day 40 after birth.
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Seoul, Korea), tramadol 1 mg/kg (Samsung Pharm Ind. Co.,
LTD., Seoul, Korea), and amoxicillin–clavamox 13.75 mg/
kg (Kuhnil Pharm Co., LTD., Chungnam, Korea) was given
orally to the cloned dog for 2 weeks as post-operative
medication.
Surgical correction of the developmental penile anomal-
ies in Clone 2 was performed around 4 months of age.
The penile extrusion was a result of persistent penile
frenulum and failure of preputial closure in the ventral
distal part (Figure 3, B). In addition, the opening of the ur-
ethra was continuous with the penile frenulum, and con-
sequently the urethra was superficially positioned as the
inserted urethral catheter could be seen (Figure 3, C). The
penile frenulum was cut after confirming the position ofFigure 3 Abnormal external genitalia of Clone 2 at Day 125 after birt
connection between ventral distal end of penis and preputial mucosa (ope
visualized urethral catheter (filled arrow head). (D) Completely healed prepthe urethra by catheterization. The marginal skin region of
the preputial failure was excised and the skin was closed
by continuous subcutaneous suturing followed by skin ap-
position with simple interrupted sutures. Cephalexine
30 mg/kg BID, tramadol 2 mg/kg BID and streptokinase
0.3 mg/kg BID were administered for 7 days as post-
operative medication. It was confirmed 1 month after the
operation that the developmental penile anomalies in
Clone 2 were corrected (Figure 3, D).
There is great concern about the health of clones, but
until now, only three publications have reported develop-
mental anomalies in cloned dogs. The first anomaly re-
ported in cloned dogs was placentomegaly. Significantly
higher placental weights were observed in the cloned
group (135 ± 10.1 g, n = 2), which used donor cells in con-
fluency, compared with placentas in the natural breeding
group (60 ± 7.1 g, n = 4) [16], and the cloned pups were ei-
ther delivered stillborn or died within a few days after
birth [16], which might be the adverse effects of placental
abnormalities [17]. A second study reported a transgenic
cloned dog born with a malformation, but details were not
described [18]. The third report described defects in the
anterior abdominal wall, and increased heart and liver
sizes, muscle mass and macroglossia in 12 deceased
cloned dogs that died just prior to delivery or that died
with dyspnea shortly after birth [19].
Cleft palate is a common congenital defect in dogs, and
a puppy with this condition can suffer malnutrition, aspir-
ation pneumonia or even death, if untreated. Although
Clone 2 was weak born with a 320 g body weight, stomach
feeding was effectively applied to Clone 2 until 2 weeks ofh. (A) Persistent extrusion of penis without enlargement. (B) Abnormal
n arrow head). (C) Superficially opposed urethral opening and easily
uce 28 days after the corrective surgery.
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from penile erection with [20] or without sexual behavior
[21,22], but Clone 2 was born with persistent penile extru-
sion. Also, the penile frenulum in a dog usually does not ac-
company penile extrusion, and the failure of preputial
closure at the ventral distal region in Clone 2 is not previ-
ously reported in the literature. Interestingly, a superficial
position of the urethral opening was also found in Clone 2.
Since congenital defects in both the craniofacial region and
external genitalia develop from the ectoderm [4,23], these
anomalies can be associated as seen in the Schilbach‐Rott
syndrome, which is characterized by submucosal cleft pal-
ate, hypospadia and ocular hypotelorism in males [24]. On
the other hand, they may develop independently because
fusion processes of the secondary palate in craniofacial re-
gion are completed by the 10th week of embryogenesis [4],
and desquamation of the epithelial fusion of prepuce usu-
ally occurs after birth [25]. The cause of this defect remains
unknown. Further studies on genetic or epigenetic factors
using the donor and the two cloned dogs described here
would contribute to finding the etiology of these anomalies.
Conclusions
To the authors’ knowledge, this is the first report of
complex developmental abnormalities in the craniofacial
region and external genitalia of a dog. Although the
puppy was a clone, it remains hypothetical if the defect
is associated with this. To determine the cause of this
complex developmental anomaly, further studies on gen-
etic or epigenetic factors are needed.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
MJK participated in production of the cloned dogs, surgical correction of
penile anomalies and drafting the manuscript. HJO participated in
production of the cloned dogs and in revising the manuscript. GAK
participated in production of the cloned dogs, surgical correction of penile
anomalies and revising the manuscript. YKJ participated in production of the
cloned dogs and surgical correction of penile anomalies. JC participated in
production of the cloned dogs. HYC participated in surgical correction of the
cleft palate. HJK participated in post-operative care and revising the manuscript.
HWK participated in post-operative care and revising the manuscript. MCC
participated in diagnosis of the cloned dog and revising the manuscript.
BCL participated in production of the cloned dogs and drafting and revising
the manuscript. All authors read and approved the final manuscript.
Acknowledgements
This study was supported by RDA (#PJ008975022014), IPET (#311062-04-3SB010),
Research Institute for Veterinary Science, Nestle′ Purina PetCare and the
BK21 plus program. We thank Dr. Barry D. Bavister for his valuable editing
of the manuscript.
Author details
1Department of Theriogenology and Biotechnology, College of Veterinary
Medicine, Seoul National University, 1 Gwanak-ro, Gwanak-gu, Seoul 151-742,
Republic of Korea. 2Haemaru Referral Animal Hospital, 319 Beon-gil,
Hwangsaeul-ro, Bundang-gu, Seongnam, Gyeonggi 463-824, Republic of
Korea. 3Department of Veterinary Medical Imaging, College of Veterinary
Medicine, Seoul National University, 1 Gwanak-ro, Gwanak-gu, Seoul 151-742,
Republic of Korea.Received: 4 December 2013 Accepted: 6 March 2014
Published: 26 March 2014
References
1. Schutte BC, Murray JC: The many faces and factors of orofacial clefts.
Hum Mol Genet 1999, 8:1853–1859.
2. Forsberg CL, Persson G: A survey of dystocia in the Boxer breed. Acta Vet
Scand 2007, 49:8.
3. Rowsell AR, Morgan BDG: Hypospadias and the embryogenesis of the
penile urethra. Br J Plast Surg 1987, 40:201–206.
4. Mossey PA, Little J, Munger RG, Dixon MJ, Shaw WC: Cleft lip and palate.
Lancet 2009, 374:1773–1785.
5. Nelson CP, Park JM, Wan J, Bloom DA, Dunn RL, Wei JT: The increasing
incidence of congenital penile anomalies in the United States. J Urol
2005, 174:1573–1576.
6. Olsen D, Salwei R: Surgical correction of a congenital preputial and penile
deformity in a dog. J Am Anim Hosp Assoc 2001, 37:187–192.
7. Rowsell AR, Morgan BDG: Hypospadias and the embryogenesis of the
penile urethra. Br J Plast Surg 1987, 40:201–206.
8. Smith M, Gourley I: Preputial reconstruction in a dog. J Am Vet Med A
1990, 196:1493–1496.
9. Jubb K: Male genital system. In Pathology of Domestic Animals, Volume 3.
5th edition. Edited by Maxie MG. New York: Elsevier Saunders; 2007:611–612.
10. Galanty M, Jurka P, Zielińska P: Surgical treatment of hypospadias.
Techniques and results in six dogs. Pol J Vet Sci 2007, 11:235–243.
11. Hutchison J: Persistence of the penile frenulum in dogs. Can Vet J 1973,
14:71.
12. Smith L, Suzuki J, Goff A, Filion F, Therrien J, Murphy B, Kohan‐Ghadr H,
Lefebvre R, Brisville A, Buczinski S: Developmental and epigenetic
anomalies in cloned cattle. Reprod Domest Anim 2012, 47:107–114.
13. Liu J, Wang Y, Su J, Luo Y, Quan F, Zhang Y: Nuclear donor cell lines
considerably influence cloning efficiency and the incidence of large
offspring syndrome in bovine somatic cell nuclear transfer. Reprod
Domest Anim 2013, 48:660–664.
14. Watanabe S: Effect of calf death loss on cloned cattle herd derived from
somatic cell nuclear transfer: clones with congenital defects would be
removed by the death loss. Anim Sci J 2013, 84:631–638.
15. Lee BC, Kim MK, Jang G, Oh HJ, Yuda F, Kim HJ, Shamim MH, Kim JJ, Kang
SK, Schatten G, Hwang WS: Dogs cloned from adult somatic cells. Nature
2005, 436:641.
16. Oh H, Hong S, Park J, Kang J, Kim M, Kim M, Kang S, Kim D, Jang G, Lee B:
Improved efficiency of canine nucleus transfer using roscovitine-treated
canine fibroblasts. Theriogenology 2009, 72:461–470.
17. Li D-K, Wi S: Maternal placental abnormality and the risk of sudden infant
death syndrome. Am J Epidemiol 1999, 149:608–611.
18. Kim M, Oh H, Park J, Kim G, Hong S, Jang G, Kwon M, Koo B, Kim T, Kang S,
Ra J, Ko C, Lee B: Generation of transgenic dogs that conditionally
express green fluorescent protein. Genesis 2011, 49:472–478.
19. Hong IH, Jeong YW, Shin T, Hyun SH, Park JK, Ki MR, Han SY, Park SI, Lee JH,
Lee EM: Morphological abnormalities, impaired fetal development and
decrease in myostatin expression following somatic cell nuclear transfer
in dogs. Mol Reprod Del 2011, 78:337–346.
20. Rezaie A, Kazemi D: Paraphimosis in a mixed breed sheepdog following
copulation and sexual activity. Adv Environ Biol 2011, 5:2459–2461.
21. Burnett AL, Bivalacqua TJ: Priapism: current principles and practice.
Urol Clin N Am 2007, 34:631–642.
22. Lavely JA: Priapism in dogs. Top Companion Anim M 2009, 24:49–54.
23. Suzuki K, Bustos T, Spritz RA: Linkage disequilibrium mapping of the gene
for Margarita Island Ectodermal Dysplasia (< i > ED4</i>) to 11q23.
Am J Hum Genet 1998, 63:1102–1107.
24. Schilbach U, Rott HD, Neri G, Reynolds JF: Ocular hypotelorism,
submucosal cleft palate, and hypospadias: a new autosomal dominant
syndrome. Am J Med Genet 1988, 31:863–870.
25. Baskin LS: Hypospadias and urethral development. J Urol 2000, 163:951–956.
doi:10.1186/1751-0147-56-18
Cite this article as: Kim et al.: Reduced birth weight, cleft palate and
preputial abnormalities in a cloned dog. Acta Veterinaria Scandinavica
2014 56:18.
